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Abstract
Introduction: When women with a previous cesarean section and an unfavorable cervix have an indication for delivery, the choice is to induce labor or to perform a cesarean section. This study aims to assess the effectiveness and safety of a balloon catheter as a method of induction of labor in women with one previous cesarean section and an unfavorable cervix compared with an elective repeat cesarean section.
Material and methods:
We performed a prospective cohort study in 51 hospitals in the Netherlands on term women with one previous cesarean section, a live singleton fetus in cephalic position, an unfavorable cervix and an indication for delivery. We recorded obstetric, maternal and neonatal characteristics. We compared the outcome of women who were induced with a balloon catheter with the outcome of women who delivered by elective repeat cesarean section. Main outcomes were maternal and neonatal morbidity. Mode of delivery was a secondary outcome for women who were induced. Adjusted odds ratios (aOR) were calculated using logistic regression, adjusted for potential confounders. 
Conclusions:
In women with a previous cesarean section and a need for delivery, induction of labor with a balloon catheter does not result in a significant increase in adverse maternal and neonatal outcomes as compared with planned cesarean section.
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| INTRODUC TI ON
Among women attempting vaginal birth after a previous cesarean section, labor is induced in 18%-27%. [1] [2] [3] Previous studies have shown that 60%-80% of women with one previous cesarean section will deliver vaginally if a trial of labor is allowed, even when induced. [3] [4] [5] When delivery is indicated, a decision must be made whether to induce labor or perform primary cesarean section, and the risks and benefits of this choice must be weighed carefully.
Various publications suggest that induction of labor in women after previous cesarean section increases the risk of uterine rupture, especially after induction with prostaglandins. 3, 6, 7 In women with a previous cesarean section, balloon catheters have also been proven effective and safe, with vaginal delivery rates of 55.7%-71% and uterine rupture rates of 0.3%-1.6%. 3, [8] [9] [10] Guidelines now discourage the use of prostaglandins but suggest use of the balloon catheter for cervical ripening.
11-13
With rising cesarean rates worldwide, repeat cesarean section with corresponding maternal and neonatal morbidity are increasing as well. 14 The national cesarean section rate in the Netherlands was 16% (28 713/176 155) in 2012. 15 In a national study including 4569 women with a previous cesarean section, 72% (3274/4569) attempted a trial of labor. 1 Although prostaglandins are still used for cervical ripening, the use of mechanical methods in this population is increasing. 16 When an indication for delivery arises, the decision between induction of labor or a repeat cesarean section may be a difficult one, and one that many clinicians face daily. However, so far, a comparison between the two in terms of effectiveness and safety of the method has not been reported.
The objective of this study is to assess the effectiveness and safety of the balloon catheter in women with one previous cesarean section and an unfavorable cervix compared with an elective repeat cesarean section.
| MATERIAL AND ME THODS
We performed a prospective cohort study in 51 hospitals in the Netherlands. We included term, pregnant women (between 37 and 42 weeks' gestational age) with one previous cesarean section, a live singleton pregnancy in cephalic presentation, an unfavorable cervix and an indication for delivery. The cervix was considered unfavorable if amniotomy was not possible and induction by a cervical priming method such as a balloon catheter was necessary. Women with contraindications for vaginal delivery, such as placenta previa, previous classical uterine incision or obstructing cervical fibroids were not included.
We compared women undergoing an induction of labor by a balloon catheter (with subsequent amniotomy and/or oxytocin augmentation if necessary) with women who had an elective repeat cesarean section performed for one or more reasons. Because of rapid recruitment of women in the elective repeat cesarean section group, with the previous cesarean section as a single reason, recruitment in this group was stopped a few months into the study period. We considered this a homogeneous group and further recruitment was not possible due to lack of resources. Recruitment in the induction of labor group continued until the target number of 1000 women was reached. Some women were excluded because they were preterm, . 17 The components of composite adverse maternal outcome were also assessed separately.
Secondary outcomes included suspected maternal intrapartum
infection (defined as fever of ≥38°C during labor or fetal tachycardia (a persistent fetal heart rate of more than 150 bpm) and start of broad-spectrum intravenous antibiotics for suspected infection during labor), the amount of postpartum hemorrhage (mL) and postpartum blood transfusion. We also noted the length of maternal postpartum admission, as it is common practice in the Netherlands to be discharged within 4 hours after labor in case of an uneventful delivery. We also collected data on silent uterine ruptures noted during cesarean section (defined as a complete separation of the uterine wall and serosa without clinical symptoms), uterine scar dehiscence (separation of a preexisting scar
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but with an intact uterine serosa, as seen during cesarean section, with or without clinical symptoms) and uterine hyperstimulation 
| Statistical analyses
Women were analyzed according to the treatment that was planned, meaning that women who started induction but had to have a 
| Ethical approval
The protocol was approved by the Medical Ethical Committee of Leiden University Medical Center and the board of directors of each of the participating hospitals approved local execution of the study (reference number p11.023; 11 March 2011). Serious adverse events in the balloon catheter group were umbilical cord prolapse (n = 1), partial placental abruption (n = 1, several hours after removing the balloon catheter), bladder injury (n = 4, during cesarean section), uterine inversion after vaginal birth (n = 1) and relaparotomy (n = 1). In two women, cesarean section was performed due to abnormal blood loss after catheter placement. One woman had an unknown amount of blood loss directly after trans-cervical balloon catheter insertion and, after removal, immediate cesarean section was performed. Another woman suddenly had approximately 1000 mL of blood loss 10 hours after insertion, after which emergency cesarean section was performed. In both cases neonatal outcome was good.
| RE SULTS
The woman undergoing relaparotomy suffered from severe postpartum hemorrhage after an emergency cesarean section. Total blood loss was 7.5 L, for which she received 11 units of blood and was admitted to the intensive care unit. There were no other women with massive transfusion (defined as 10 units of red cells in 24 hours), no women with hysterectomy or organ failure and no maternal deaths. Three women were admitted to the intensive care unit, all due to severe hemorrhage (7.5, 2.8 and 2.6 L, respectively). Hyperstimulation occurred in 14 women who were induced by a balloon catheter, leading to a uterine rupture once and postpartum hemorrhage twice. Neonatal outcomes were not affected.
In the repeat cesarean section group, there was one maternal adverse event: a uterine inversion during cesarean section. There were no women with massive blood transfusion, hysterectomy, organ failure and no maternal deaths. One woman was admitted to a maternal intensive care unit due to spinal muscular atrophy, for which she was observed post-cesarean.
In the balloon catheter group, 21.6% of women were not admitted (adjusted P < 0.0001) during the postpartum period (ie, discharged within 4 hours after delivery) and those admitted had a shorter median maternal postpartum admission in the hospital (2.0 days vs 3.0 days, adjusted P < 0.0001) ( Table 2 ). However, median total admission time was 3.0 days for both groups.
The cesarean section rate was 43.6% (433 women) in the balloon catheter group. Further delivery characteristics for women induced by balloon catheter can be seen in Table 3 .
Composite adverse neonatal outcome of an Apgar score <7 at 5 minutes or an umbilical arterial pH <7.10 was not significantly different between the groups, it occurred in 5.7% and 3.2% (aOR 1.40, 95% CI 0.67-2.93, P = 0.38) after induction by balloon catheter and repeat cesarean section, respectively. Specific neonatal outcomes can be seen in Table 2 . There was one case of neonatal death in the balloon catheter group due to a prenatally detected congenital heart disease. Of the 11 women with a uterine scar rupture, there were two neonates with low Apgar scores (1/2/5 and 0/3/4 after 1, 5 and 10 minutes) and an umbilical artery pH below 7.0; they were admitted to the neonatal intensive care unit. One neonate was cooled for 72 hours with good cerebral function monitoring at discharge after 8 days; the (neurological) outcome of other neonate is unknown, discharge was after 20 days.
| D ISCUSS I ON
The results of this prospective cohort study show that in women with one previous cesarean section and an unfavorable cervix, induction of labor with a balloon catheter is a safe method to induce delivery compared with women who deliver by means of an elective repeat cesarean section. Between the two groups, there was no significant difference in maternal morbidity such as uterine scar rupture or dehiscence, postpartum hemorrhage or infection. Postpartum admission time was shorter in the induction of labor group. Neonatal morbidity with regard to umbilical cord pH and Apgar scores was similar in both groups.
In the induction of labor group, the cesarean section rate was 43.6%, which is comparable to other studies such as the systematic review and meta-analysis by Kehl et al (n = 144, cesarean section rate 43.6%) 18 but higher than a recent study by Kruit et al (n = 361, cesarean section rate 38%) 9 and the study by Jozwiak et al (n = 208, F I G U R E 1 Flow chart. A total of 1305 women were included in the study, of whom 993 were planned for induction of labor by balloon catheter and 312 for repeat cesarean section. *The previous cesarean section was the sole reason to opt for a repeat cesarean section cesarean section rate 28.8%). 10 All of these studies specifically looked at balloon catheter for induction of labor at term after previous cesarean section.
We found a uterine rupture rate after induction of labor of 1.1%, which is comparable to the incidence quoted in the literature of 0.3%-1.2%.
9,18
Notable in our study is the relative good neonatal outcome after uterine rupture. The uterine rupture rate is high when compared with rates of 0.7%-0.8% seen in spontaneous vaginal birth after cesarean section (VBAC). 9, 18 This percentage must be included in counseling women who may be opting for an induced trial of labor. It is unclear whether there is a selection bias in the population or it is the balloon catheter that increases the risk of uterine rupture. Since most uterine ruptures occur in the active phase of labor, it is unlikely that the balloon catheter itself, used for cervical ripening, explains this increased risk.
Oxytocin for augmentation of labor was used in 77.5% of women, in keeping with rates quoted in the literature (68.4-85.3%). rate of intra-and postpartum infection after induction of labor of 2.5% and 3.7%, respectively, is comparable to that found by Kruit et al (2.8% and 2.2%, respectively).
Of all cesarean sections after induction of labor, 50.8% were because of failure to progress in the first stage. Unfortunately, we were not able to record cervical dilation at the time of cesarean section.
It is possible that many women in whom failure to progress in first stage was diagnosed, had not yet entered the accelerative phase, as commonly used standards to evaluate adequate progress of labor may not apply in women who are induced. 19, 20 The strength of our study is that it is the largest cohort of inductions by balloon catheter to date, including almost 1000 women. By collecting information prospectively, and not relying on ICD 10 codes, all outcomes were studied specifically.
TA B L E 2 Maternal and neonatal outcome
Limitations are the short follow-up period (until discharge), so long-term effects of possible consecutive cesarean sections were not included. Another weakness is the lack of randomization.
Confounding by indication-which occurs when the clinical indication for selecting a particular treatment also affects the outcomeprobably meant that the groups were not comparable at baseline for important prognostic factors. Although we have corrected for numerous possible confounders, there may still be some residual confounders that we could not correct for, such as hospital induction protocols and expected fetal weight. No randomized controlled trials, however, have been performed which compare induction of labor and planned repeat cesarean sections in women with a prior cesarean section. 21 We considered randomization also to be unfeasible, after a randomized controlled trial on this subject in another country was stopped due to low participation rates. A large cohort study is then the best alternative.
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While cerebral palsy is thought to occur more often at an arterial umbilical cord pH <7.00, we chose to use the cut-off of pH <7.10 for the adverse neonatal composite outcome. If we had chosen for a pH value of <7.00 or 7.05, it would mean that the incidence of adverse neonatal composite outcome would be even lower.
Another limitation is the difference in group size. The balloon catheter group is more than three times as large as the cesarean section group, partly because recruitment of women undergoing a repeat cesarean with the previous cesarean section as a single reason, was stopped after a few months.
With an unknown denominator of potentially eligible women meeting the inclusion criteria for the study in either the induction group or the repeat cesarean group, there is risk of selection bias or risk identification. For example, despite the fact that the median gestational age in the cesarean section group was shorter, mean neonatal birthweight was higher. This could possibly be the result of risk identification, where women carrying large-for-gestational-age babies were not offered induction of labor.
We consider our findings to have value for low-and middle-in- With this large cohort study, more evidence is provided that induction of labor after cesarean section is an effective and safe option when an indication for delivery arises. Labor should be closely monitored for signs of uterine rupture, and facilities for emergency cesarean section are imperative. The rates of uterine rupture, emergency cesarean section and complications are useful for clinicians and pregnant women in the shared decision-making process when facing this dilemma. Individual previous experiences, possible long-term effects and future family planning have to be discussed.
Individualized management in women with a previous cesarean section and an indication for delivery need to be considered. Both women's preferences and the a priori chance of vaginal delivery in case of induction can be helpful. Decision aids combined with a prediction model that includes induction as a variable can be considered.
23,24

| CON CLUS ION
In women with a previous cesarean section and a need for delivery, induction of labor with a balloon catheter does not result in a significant increase in adverse maternal and neonatal outcome as compared with planned cesarean section. Two women had a cesarean delivery for fetal distress after failed ventouse extraction.
